In this study, the absorption spectra due to the interaction between Pr(III) and l-tryptophan system exhibiting 4f-4f transitions in presence and absence of Zn(II) using different aquated organic solvents such as methanol, dioxane, acetonitrile and N,N-dimethylformamide (DMF) were investigated and the same were also analyzed for the equimolar mixtures (1:1) of two different solvents. The energy parameters such as Slater-Condon (F K ) factor, Lande spin-orbit coupling constant ( 4f ), Nephelauxetic ratio ( ) , bonding parameter (b 1/2 ) and percent covalency ( ) , are also calculated and the observed variation in these parameters with the change of solvents indicates the nature of bond formed between Pr(III) and l-tryptophan. The oscillator strength (P) and Judd-Ofelt parameters T λ (λ = 2, 4, 6) have also been determined for the four transitions namely 3 H 4 to 3 P 2 , 3 P 1 , 3 P 0 and 1 D 2 .The solvent DMF has the most effective for the promotion of 4f-4f electric dipole intensity.
Introduction
Lanthanide ions exhibit electronic transitions that are desirable in various applications such as luminescence [1] [2] [3] , biosensors, bio-imaging [4] [5] [6] [7] . Moreover, ionic radii of calcium and lanthanide ions are similar which can make lanthanide ions useful for assessing the co-ordination characters of calcium ion in biomolecules as lanthanide ions are used as probe [8] . On the other hand, the presence of large number of spectroscopic signals originated from 4f electron transitions in the lanthanide ions make their electrochemical study easier [9] . The spectral analysis of 4f-4f transitions can provide an insight into the structure of a lanthanide complex [10] . The analysis of spectral properties of pseudo-hypersensitive and hypersensitive transitions for complexes formed between Pr(III)/Nd(III) with amino acids, polypeptides and other O/N-donor ligands in different organic solvents have been carried out using 4f-4f absorption spectral data and energy interaction parameters were also calculated between the lanthanide ions and ligands [11] [12] [13] [14] [15] . The binding behavior of amino acid during the interaction between Pr(III) with lysozyme were studied [16] . Moreover, the interaction between Pr(III)/Nd(III) and uracil were studied and they also analyzed the effect of Ca(II) in their interactions [17] .
However, no attempt has been made to examine the interaction of Pr(III) with l-tryptophan to the best of our knowledge. A metal ion, i.e. Zn(II) which occurs intracellularly and forms stable complex. Therefore, it is expected that Zn(II) may take part in the heterobimetallic complexation with l-tryptophan.
In this paper, we have discussed comparatively the absorption spectra of Pr(III) with l-tryptophan resulted from four different solvents and it has also been analyzed the effect of Zn(II) in their interactions and the same was studied in DMF solvent. The energy parameters namely Slater-Condon (F k ), Lande spin orbit coupling constant, Nephelauxetic ratio (β), bonding parameter (b 1/2 ), and percent covalency (δ) have been calculated in order to learn the nature of bond formed in between metal and ligand. And also we studied that the interaction between l-tryptophan, Zn(II) complex with DNA.
Materials and Method

Experimental Details
The chemicals used were PrCl 3 •H 2 O from Alfa Aesar, Zinc chloride and l-tryptophan from Himedia and solvents such as DMF from S D fine chemical limited, acetonitrile, methanol, dioxanefrom and DNA Sodium salt from Himedia. In a typical procedure, 0.01 M concentrated solutions for each of Pr(III), l-tryptophan and Zn(II) were prepared at a pH of 4 using different solvents. For studying the absorption spectra of Pr(III), Pr(III):l-tryptophan and Pr(III):ltryptophan:Zn(II) in different solvents, the molar ratio Pr(III) to ligand is fixed to a ratio of 1:1 for all the solvents. While, for studying multimetal complexation, the molar ratio of Pr(III):l-tryptophan:Zn(II) was set to 1:1:1. For DNA binding study, 0.01 M concentrated solutions for l-tryptophan and Zn(II) are prepared in water and also DNA solution was prepared in water. The concomitant absorption spectra were recorded using Thermo Scientific Evolution 220 UV-Visible Spectrophotometer at room temperature.
Method
Nephelauxetic ratio (β) is used to measure of covalency which can be related to Slater-Condon or Racah parameters as:
where F K (K = 2,4,6) is the Slater-Condon parameter and E K is the Racah parameters for complex (C) and free ions (f), respectively. Nephelauxetic ratio can be related further to bonding parameter (b 1/2 ) and percent covalency (δ) by the following equations:
The spin orbit coupling energy E so for the 4f-4f electronic transition is originated from magnetic interaction which is spin-orbit interaction can be expressed as [17] :
where A so is the angular part of spin-orbit interaction, the radial integral is denoted by 4f which is known as Lande's parameter. By first order approximation, the energy E j of the jth level can be calculated by the equation given by Wong [18] as:
where E oj is the zero order energy of jth level.
The equations in which F K and 4f values can be calculated are given below, The energy difference (∆E j ) between observed (E j ) and zero order values can be calculated by using the equation given below
Least square method can be used to solve the above equation using zero order energy and partial derivative which was derived by Wong [18] and the value of ΔF K and Δ 4f are calculated besides F 2 , F 4 , F 6 and 4f values can be evaluated using equation number (6) .
In addition, the oscillatory strength (P cal ) corresponding to the induced electric dipole transition J → ′ J ′ can be expressed according to Judd and Ofelt [19] as:
where U ( ) represents reduced matrix element and is the rank. The radial part of 4f N wave function is related to Judd and Ofelt parameters (T λ ).
The probability of absorption radiant energy (Oscillatory strength) is related to the measured absorption intensity band.
where denotes molar absorptivity and denotes energy in cm −1 . The other symbols have their usual meaning. Further, T 2 , T 4 and T 6 values can be calculated by using
Results and Discussion
It has been observed from Fig. 1 that Pr(III) ion exhibited four absorption peaks in the wavelength ranges from 400 to 600 nm. These peaks are centering at around 446 nm, 471 nm, 486 nm and 594 nm attributed to the 3 H 4 -3 P 2 , 3 H 4 -3 P 1 , 3 H 4 -3 P 0 and 3 H 4 -1 D 2 transitions respectively [20] . These peaks are considered as non-hypersensitive transitions as they do not obey the selection rule [10] , but considered as pseudo hypersensitive transitions as they exhibit substantial sensitivity even with minor changes in the co-ordination environment of the complex [21, 22] . The absorption spectra of Pr(III); Pr(III):l-tryptophan; Pr(III):l-tryptophan:Zn(II) in DMF solvent are shown in Fig. 1 . It is revealed from this figure that there exists variation in the peaks intensity. The intensity of the peaks are found increasing with blue shift on addition of l-tryptophan in Pr(III). This shows that there occur an interaction between Pr(III) and l-tryptophan. This intensification of peaks are more even when Zn(II) is added to the mixture of Pr(III) and l-tryptophan. The more intensified peaks in the presence of Zn(II) may be due to their preference to interact with the amino group of l-tryptophan and formation of heterobimetallic complexation of Pr(III):ltryptophan:Zn(II) [8, 15] . The calculated energy parameters are shown in Table 1 . As indicated in Table 1 , the values of Slater-Condon parameter (F K ) and 4f have been found increasing with the addition of ligand and Zn(II), consequently leads to decrease in the values of Nephelauxetic ratio (β), bonding parameter Table 1 The computed values of energy interaction: Slater-Condon(F k ), spin-orbit interaction( 4f ), racah energy (E K ), nephelauxetic ratio (β), bonding (b 1/2 ) and covalency (δ) parameters for the complexation of Pr(III)with l-tryptophan in presence and absence of Zn(II) in aqueous and aquated organic solvents (b 1/2 ) and percent covalency ( ) which indicates the increase in bond length between metal and ligand. It is also seen that the Nephelauxetic ratio values in all the systems are found less than unity and all values of bonding parameters are found positive. These results indicate the formation of covalent bond [23] . Table 2 shows the values of calculated and observed energies for the four transitions of Pr(III) as well as root mean square deviation (RMS). RMS indicates the correctness of the energy parameters [24] . The values of these energy parameters change with change of solvents indicating significant influence of solvents on energy parameters. In order to see the effects of solvents on the interaction of Pr(III) with l-tryptophan, the absorption spectra of Pr(III):ltryptophan in different aquated organic solvents mixtures have been recorded and which are shown in Fig. 2 . It is clear that the strongest absorption intensity is observed in DMF solvent. In DMF, the nitrate ions are replaced effectively from the solvated species by DMF and enhanced the 4f-4f transition. Moreover, DMF are responsible for invading hydration sphere of Pr(III) ion and alter the field symmetry around Pr(III) which results 4f-4f band more intensified compared to other solvents [8] . The order of intensities of the peaks are DMF > dioxane > methanol > acetonitrile, which indicates that DMF has highest influence on the Pr(III)-l-tryptophan complex as compare to other solvents.
The nature of Pr(III):l-tryptophan complex can be investigated from the oscillatory strength and Judd-Ofelt parameters [25] . Table 3 shows the magnitude of oscillatory strength (P) and Judd-Ofelt intensity parameter (T λ ) for Pr(III), Pr(III):l-tryptophan, Pr(III):l-tryptophan:Zn(II) in different solvents. It is cleared from this table that the magnitude of oscillatory strengths and Judd-Ofelt parameters are increased significantly with the addition of ligand, which implies that there exist binding of ligand in solution [26] . It is also seen further increases in these parameters with the addition of Zn, suggesting the involvement of Zn(II) in complex formation. Most of the T 2 values are found negative which is shown in Table 3 , so it is meaningless whereas the values of T 4 and T 6 are observed significant changes, which indicates the good evidence for the change of symmetry in the co-ordination sphere of Pr(III) .
The interaction between Zn(II) and amino acids are important for biological significances [27] . Figure 3 shows the absorption spectra of DNA, l-tryptophan, l-tryptophan + Zn(II),l-tryptophan + Zn(II) + DNA. The absorption spectra of l-tryptophan showed maximum peak intensity at about 230 nm which is due to → * transition of C-C of the system and the peak at around 300 nm is attributed to → * transition of benzene ring [28] . The absorption peak intensity of Zn(II) + l-tryptophan is higher than the absorption peak intensity of l-tryptophan which suggests the interaction between Zn(II) and l-tryptophan. Further, more intensified peaks are observed when DNA is added to the Zn(II) complex showing the interaction between Zn(II) complex with DNA [29] .
Conclusion
In summary, it has been observed that the magnitude of energy interaction and intensity parameters vary for Pr(III); Pr(III):l-tryptophan; Pr(III):l-tryptophan:Zn(II) in different solvents due to the interaction between Pr(III) and l-tryptophan and showed that the heterobimetallic complexation of Pr(III):l-tryptophan:Zn(II) is more stable as compared to binary mixture of Pr(III) and l-tryptophan. It is also noticed that Zn(II) stimulates Pr(III) and l-tryptophan complexation. In this complexation, it has also been found that DMF has larger impact in promoting the 4f-4f electric dipole intensity. It is found that the Zn(II) complex are able to bind DNA molecules. Hence it may have potential applicability in biological significances. 22,430.07 (22,379.17) 21,256.7 (21,170.67) 20,706.93 (20,618.98) 16,860.28 (17,086.78) 131.3685 Pr(III): L 22,442.66 (22,385.83) 21,270.71 (21,177.43) 20,712.51 (20,625.48) 16,857.44 (17,091.25) 136.1739 Pr(III):L: Zn 22, 440.64 (22, 388.58) 21, 268.9 (21, 179.99) 20, 712.94 (20, 627.57) 16, 867.67 (17, 093) 131.03 . 3 Absorption spectra of DNA, l-tryptophan, l-tryptophan + Zn(II), l-tryptophan + Zn(II) + DNA, inset shows enlarged absorption spectra in the wavelength range from 200 to 300 nm
